"Effect of obesity, serum lipoproteins, and apolipoprotein E genotypes on mortality in hospitalized elderly patients. " Rejuvenation Research.14,2. 111-118. (2011 Background: The aim of this study was to investigate the relationship among apolipoprotein E (APOE) polymorphism, body mass index (BMI), and dyslipidemia and how these factors modify overall mortality in a cohort of hospitalized elderly patients.
Introduction
E xcessive body weight is associated at all ages with detrimental changes in the lipid profile. Higher body mass index (BMI), a surrogate measurement of total body fat, is associated with higher plasma concentrations of total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), and triglycerides (TG). 1 Data from several epidemiological studies have also shown that apolipoprotein E (APOE) polymorphism is associated with variation of serum TC and LDL-C concentrations. 2, 3 APOE is a multifunctional glycoprotein that plays a key role in regulating lipoprotein metabolism and cardiovascular risk. 4 The APOE gene exhibits a genetic polymorphism with three common alleles ( e2, e3, and e4), which encode for three protein isoforms E2, E3, and E4. 5 APOE polymorphism has been related to significant modifications of the lipoprotein profile, with the e2 allele being associated with lower and the e4 allele with higher TC and LDL-C levels than the e3 allele. 6, 7 Isoform-specific effects include the association of APOE e4 with increased risk for atherosclerosis, stroke, impaired cognitive function, and Alzheimer disease (AD). 7, [8] [9] [10] Moreover, some 11, 12 but not all, population-based studies 13, 14 have found a negative or positive association between mortality risk and APOE e2 and APOE e3 polymorphisms, respectively. However, to the best of our knowledge, no study has investigated the interaction 1 between APOE polymorphism, BMI, and dyslipidemia in a large cohort of hospitalized elderly patients, in whom the aging process and co-morbidity may have profound effects on body composition and lipid metabolism.
The purpose of the present study was to evaluate the relationship among APOE polymorphism, adiposity, and dyslipidemia in a large group of elderly patients who were admitted to our hospital. A second aim was to study how these factors affect prognosis by modifying overall mortality.
Methods

Study design
From January, 2006, to March, 2007, all patients consecutively admitted to the Geriatrics Unit of the ''Casa Sollievo della Sofferenza'' Hospital, IRCCS, San Giovanni Rotondo, Italy, were screened for inclusion in the study. Inclusion criteria were: (1) Caucasian race, (2) age !65 years; (3) ability to provide an informed consent or availability of a proxy for informed consent. Exclusion criteria were: (1) Diagnosis of neoplasms; (2) medical/surgical hospitalization within 1 month before the study; (3) use of lipid-lowering drugs during the previous 4 weeks. Patients with AD were included in the study. Diagnoses of possible/probable AD were made according to the criteria of the National Institute of Neurological and Communicative Disorders and Stroke-Alzheimer's Disease and Related Disorders Association Work Group (NINDS-ADRDA). 15 This study was approved by the Human Studies Committee of ''Casa Sollievo della Sofferenza'' Hospital, IRCCS, San Giovanni Rotondo, Italy, and all subjects gave informed consent before their participation.
All measurements were performed during the hospital admission examination. Height was measured without shoes to the nearest 0.1 cm. Body weight was obtained on a balance scale in the morning after subjects fasted for 12 h overnight. BMI was calculated by dividing body weight (in kilograms) by the square of height (in meters). According to the National Institutes of Health (NIH) guidelines, normal weight was defined as a BMI !18.5 and 24.9 kg/m 2 , overweight as a BMI ! 25 and 29.9 kg/m 2 , and obesity as a BMI ! 30 kg/m 2 .
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Information on the vital status of the participants was obtained at regular intervals from the municipal population registries located in the towns where the patients resided at the time of hospital admission. Mortality data were available up to January 31, 2009.
Laboratory analysis
A venous blood sample was taken to determine lipid and lipoprotein concentrations, and APOE genotypes after subjects had fasted for at least 12 h. Plasma levels of TC, TG, LDL-C, and high-density lipoprotein cholesterol (HDL-C) were measured by standardized enzymatic procedures and expressed in mg/dL.
Genetic analysis
Genomic DNA was purified manually from peripheral blood by organic protein extraction and ethanol precipitation according to a standard method. The APOE genotypes were determined by polymerase chain reaction (PCR) and agarose gel electrophoresis as described previously. 17 Briefly, a combination of four specific primers in three different pairs sharing the same stringent PCR conditions was used. Allelespecific primers were: ASP1, CGG ACA TGG AGG ACG TGT; ASP2, CGG ACA TGG AGG ACG TGC; ASP3, CTG GTA CAC TGC CAG GCG; and ASP4, CTG GTA CAC TGC CAG GCA, synthesized by Invitrogen (Invitrogen Corporation, Carlsbad, CA). The primer pair ASP-1/ASP-4 identifies the e2 allele, the primer pair ASP-1/ASP-3 identifies the e3 allele, and the primer pair ASP-2/ASP-3 identifies the e4 allele. On an Applied Biosystems GeneAmp PCR System 9700, the amplification conditions were 948C for 2 min, followed by 32 cycles at 968C for 15 sec, 618C for 30 sec, and 728C for 30 sec. Reaction buffer included 1.5 U of Taq DNA polymerase (Platinum Ò Taq, Invitrogen, Carlsbad, CA), 10 pmoles of each primer, 100 picomoles (pM) nucleoside triphosphates (NTPs), and 1 mM MgCl 2 . The presence/absence of specific allele PCR products detected by electrophoresis analysis on a 2% agarose gel identified the six APOE genotypes. Patients were classified into the following three phenotype groups: APOE e2, e3, and e4 groups. The e3/ e3 genotype was the reference category; subjects with the e2/ e2 or e2/ e3 genotypes were considered e2 þ carriers and subjects with e3/ e4 or e4/ e4 genotypes were considered e4 þ carriers. Subjects who were carriers of the e2/ e4 genotype were excluded from the analysis.
Statistical analysis
Patients' baseline characteristics were reported as mean AE standard deviation (SD) or frequencies and percentages for continuous and categorical variables, respectively. Baseline comparison between men and women was made using the chi-squared test for categorical variables and the Mann-Whitney U-test for continuous variables. Baseline differences according to BMI groups and APOE alleles groups were assessed with the analysis of variance (ANOVA) F-test or chi-squared test for continuous and categorical variables, respectively. p values for trend were estimated using the Mantel-Haenszel chi-squared test and ANOVA F-test for trend, appropriately. Genotype distribution according to the Hardy-Weinberg equilibrium was analyzed by the exact chi-squared test.
Multivariate logistic regression analysis was performed to investigate, separately, the association between BMI, dyslipidemia, APOE polymorphism, and all-cause mortality. The following cutoffs were used to dichotomize dyslipidemia variables: 180 mg/dL for TC, 100 mg/dL for LDL-C, 150 mg/ dL for TG, 40 mg/dL for HDL-C in men, and 50 mg/dL for HDL-C in women. Results were shown and odds ratio (OR) along their 95% confidence interval (95% CI).
Furthermore, to evaluate interactions among covariates and identify distinct and homogeneous subgroups of patients in terms of mortality, the REPCAM method was used. 18 This tree-based method integrates the advantages of main-effects logistic regression and tree-growing techniques. At each partitioning step, the method chooses the covariate and its best binary split to maximize the difference in the outcome of interest. The algorithm stops when user-defined conditions (stopping rules) are met. To obtain a more robust and stable split, a permutation approach was adopted to choose the best splitting variable. Global adjustment for age, diabetes, AD, and cardiovascular diseases was accounted for.
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All analyses were performed separately for males and females. All analyses were performed using SAS Ò release 9.1. For the RECPAM analysis, we used an SAS macroroutine written by F. Pellegrini. p values <0.05 were considered significant.
Results
Study population
From January, 2006, to March, 2007, 1,129 patients were admitted consecutively to the Geriatric Unit of ''Casa Sollievo della Sofferenza'' Hospital in San Giovanni Rotondo (FG). Of the 1,129 patients assessed for eligibility, 72 patients were excluded because they were younger than 65 years, and 28 refused to participate. Because only 7 patients had a BMI value less than 18.5, they were excluded from the analysis. Thus, 1,022 patients (494 men and 528 women) with a mean age of 77.6 AE 6.7 years (range 65-100 years), were eligible for the present investigation. Table 1 reports the characteristics of patients included in the study, divided according to gender. Female patients had significantly higher BMI mean values, higher serum TC, LDL-C, and HDL-C concentrations, and a higher prevalence of hypertension than male patients ( p ¼ 0.0001). Age, serum TG concentration, and the prevalence of diabetes mellitus and AD were not significantly different between male and female patients. The distribution of the different APOE polymorphisms among all subjects was as follows: 11.5% for the e2/e3 genotype (n ¼ 118), 71.2% for the e3/e3 genotype (n ¼ 728), 15.3% for the e3/e4 genotype (n ¼ 157), 0.88% for the e4/e4 genotype (n ¼ 9), and 0.9% for the e2/e4 genotype (n ¼ 10). No e2/e2 APOE genotypes were observed. Patients with the e2/e4 genotype (n ¼ 10) were not considered in the analysis. The observed genotype frequency distributions did not show statistically significant differences compared with those expected under HardyWeinberg equilibrium ( p ¼ 0.106). Estimated allele frequencies were 0.062 for the e2 allele, 0.846 for the e3 allele, and 0.085 for the e4 allele. The distribution of the APOE genotype frequencies was not significantly different between males and females (Table 1) . Table 2 shows the mean levels of serum lipids in patients, divided according to BMI and gender. The effect of BMI on serum lipid concentrations was studied by using BMI classes (normal weight, overweight, and obese). The mean value of BMI in the general population is 27.5 AE 5.1 kg/m 2 ; 336 (33.2%) patients were normal weight, 399 (39.4%) were overweight, and 277 (27.4) were obese according to their baseline BMI. In both male and female patients, BMI was significantly associated with serum concentrations of TC and LDL-C, but not with HDL-C. BMI was significantly associated with serum concentration of TG only in males.
APOE polymorphism, plasma lipid, lipoprotein concentrations, and BMI
The bioclinical characteristics according to APOE polymorphisms are summarized in Table 3 . No difference in the mean age of the patients across the APOE polymorphisms was observed. In both male and female patients, the mean concentrations of TC and LDL-C were APOE genotype dependent; APOE e4 carriers had significantly higher levels of TC and LDL-C compared to e2 and e3 carriers. In contrast, there were no significant differences among APOE genotypes in plasma concentrations of HDL-C and TG. The effect of APOE alleles on BMI was studied by using BMI as a continuous variable or by using BMI classes (normal weight, overweight, and obese). In both male and female patients, there was no significant difference among APOE genotypes between normal-weight, overweight, and obese patients (Table 3) . Table 4) . No significant differences in the prevalence of AD were observed between patients who died versus survivors.
Mortality data
Multivariate logistic regression analysis, adjusted for several confounding factors, indicates that obesity (OR ¼ 0.486, 95% CI 0.255-0.927, p ¼ 0.028), TC > 180 mg/dL (OR ¼ 0.350, 95% CI 0.187-0.657, p ¼ 0.001), and LDL-C > 100 mg/dL (OR ¼ 0.456, 95% CI 0.235-0.882; p ¼ 0.020) are factors significantly associated with a lower risk of mortality in female patients. These associations were not observed in male patients. No significant association between APOE genotype, higher TG, lower HDL-C level, and 1-year mortality was observed (Table 5) .
Interactions
To investigate the interaction between APOE genotype, BMI, lipid levels, and mortality, a RECPAM analysis was performed separately for males and females leading to the 
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identification of five classes of patients at different risk of mortality (Fig. 1A,B) . The reference category was represented by the subgroup with the lowest mortality. Thus, the ORs for all the other subgroups were estimated with respect to the reference class. In females, the most important variable in discriminating the risk of death was represented by the TC, with the lowest mortality in patients with values of TC greater than 180 mg/dL. On the opposite side of the regression tree, patients APOE e3 carriers, LDL-C values lower than 100 mg/dL and with a normal weight represented the subgroup with the highest mortality (OR ¼ 3.42, 95% CI ¼ 1.36-8.60). The class of patients with TC lower than 180 mg/dL APOE e3 carrier but with LDL-C greater than 100 mg/dL showed a significant risk of mortality (OR ¼ 2.59, 95% CI 1.09-6.18). For patients showing a TC lower than 180 mg/dL, APOE e3 carrier, a LDL-C lower than 100 mg/dL but overweight or obese, the estimated OR ¼ 3.17 (95% CI 1.42-7.08). Patients' age ( p < 0.001) and presence of diabetes ( p ¼ 0.70), AD, and cardiovascular diseases ( p ¼ 0.47) were included in the model as global adjustment variables.
In males, the class of patients with lowest mortality were those with LDL-C higher than 100 mg/dL and overweight or obese. On the opposite side of the regression tree, patients with LDL-C lower than 100 mg/dL, HDL lower than 40 mg/ dL, and APOE e3 carrier showed the highest mortality (OR ¼ 1.97, 95% CI 1.04-3.74). Patients' age ( p ¼ 0.057), presence of diabetes ( p ¼ 0.175), AD, and cardiovascular disease ( p ¼ 0.062) were included in the model as global adjustment variables.
Discussion
The detection of gene-environment interactions can provide key information on the biological mechanisms of diseases and can lead to new insights into the prevention, diagnosis, and treatment of chronic diseases in specific subgroups of the population. In this study, we evaluated the relationship among APOE polymorphism, BMI, and dyslipidemia and how these factors modify overall mortality risk. In agreement with previous studies, 19, 20 we found that the mean concentrations of TC and LDL-C were APOE genotype and BMI dependent in both male and female elderly patients. In this study, TC and LDL-C levels were significantly higher in obese than in normal weight patients, and in subjects carrying e4 compared to subjects carrying e2 and e3 in both males and females patients. In contrast, we did not find a significant association between APOE alleles and serum HDL-C concentrations in both men and women. A significant association between APOE polymorphism and HDL-C has been reported in some studies 21 but not in others. 22 Discrepancies among different studies may be due to other factors that regulate the gene-environment interaction affecting HDL-C levels, such as physical activity, alcohol consumption, and smoking. In this population, no significant association between APOE polymorphism and obesity was found. Only a few studies have examined the relationship between APOE polymorphisms and obesity. Although a significant association between APOE e4 allele status and obesity was reported in children and young adults, 23 other studies failed to find a significant difference in the APOE allele and genotype frequencies between obese and nonobese subjects. 24 In addition, none of these studies included hospitalized elderly patients. A possible explanation for the lack of association between BMI and APOE polymorphism in our population is that BMI may be a poor indicator of obesity in elderly persons because body composition varies with age.
In addition, we found that, unlike in nonelderly patients, higher levels of TC in females and LDL-C in males are associated with a lower risk of mortality. This paradoxical result is in line with previous reports showing that hypercholesterolemia is associated with lower mortality in elderly patients. [25] [26] [27] There are several potential explanations for these findings. It is possible that subjects with higher cholesterol levels died before recruitment and that the sample represents a group of healthy survivors with traits that make them less susceptible to disease caused by high cholesterol levels. Moreover, it is well known that cholesterol levels decrease with age, and it has been suggested that low cholesterol levels in the elderly represent a surrogate marker of frailty or subclinical disease. 28 In the present study, multivariate regression analysis shows a negative relationship between BMI and mortality; and the interaction analysis revealed that overweight and obesity are protective in both males and females, even if with a different grade of interaction, as suggested by the different composition of the RECPAM tree-based algorithm, adjusted for age, diabetes, and AD or cardiovascular disease. These findings are in agreement with previous studies. [29] [30] [31] Several hypotheses have been made to explain this effect of BMI on mortality in the elderly: (1) The relationship among BMI, body fat, and fat distribution weaken with aging; (2) lean mass and fat mass act as important nutritional reserve during prolonged illness and may be particularly important in old age as the incidence and significance of illness and disease increase; (3) individuals susceptible to the ill effects of elevated BMI may have already died, determining a selective survival.
This study has limitations. First, our study evaluated the interaction among APOE polymorphisms, BMI, dyslipidemia, and mortality risk, but did not evaluate the serum concentrations of APOE, which has been shown to influence the levels of circulating lipids. 32 Second, in our study, we used BMI as marker of obesity, instead of waist circumference or trunk fat mass measured by dual-energy X-ray absorptiometry (DEXA), which are better predictors of mortality in old age. 33 Finally, the use of hospitalized elderly patients does not allow us to exclude that demographic selection could play a role in the reported differences. In conclusion, in elderly hospitalized patients, obesity and APOE genotype influence the lipid profile and mortality risk. A significant interaction among BMI, dyslipidemia, and APOE genotype was observed that could identify elderly patients with different risks of mortality.
